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Abstract 
CCS technology is particularly important to China due to its large and rapidly rising emissions and high dependence on fossil 
fuel. There is a huge basin scale theoretical CO2 storage capacity in China; however the CCS deployments will consider firstly 
those matched source-sink pairs with early opportunities at present. This paper presents the key results of evaluation of early 
opportunities for the deployment of CCS technologies within China. The proximity analysis suggests that there also are many 
early opportunities for CCS deployment, such as the promising EOR/EGR opportunities from using high concentration CO2 
sources. The combined benefits of short distance between sources and sinks, the potential hydrocarbon revenues and low CO2 
capture cost make these pairs as promising near-term CCS candidates. These near-term CCS candidates can be deployed at very 
low cost or even with some revenue. In this paper, several sources-sink pairs in China are analyzed in details, such as, the pairs of 
high purity CO2 emission sources and aquifer, co-storage of waste gas stream and depleted gas fields, IGCC and aquifer. These 
early opportunities will provide China the chance to develop and spread CCS technologies steadily from early stage to 
commercial stage.   
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction  
Carbon dioxide capture and geological storage (CCS) is regarded as a promising option to reduce CO2 emissions 
from the use of fossil fuels. CCS is particularly important to China due to its large and rapidly rising emissions, high 
dependence on fossil fuel, and large remaining coal reserves[2]. There is significant potential for CCS technologies 
to deliver deep, sustainable and cost-effective emissions reductions for China over the course of this century. 
Primary research results show that CCS technologies can develop steadily from demo-scale projects with early 
opportunities to large-scale deployment with benefits [1, 2]. However, how to achieve the goal of wide-spread 
deployment of CCS is really a big challenge. There are many barriers to large-scale deployment of CCS 
technologies, such as the competition of CCS comparing to other mitigation options, high cost of CO2 capture, long-
term safety, long-term liability of CO2 stored, legal and legislation framework, public conception, and so on[3]. The 
resolution of those barriers will accelerate or delay the deployment of this technology for reducing anthropogenic 
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CO2 emissions into the atmosphere. The most possible way to accelerate the large-scale deployment of CCS 
technologies is that more demo-scale and large-scale CCS projects showing the technical and economical feasibility 
of CCS technologies. Those projects will consider firstly those source-site pairs with early opportunities at present. 
 This paper presents the early opportunities for the deployment of CCS technologies within China and indentified 
several combinations of CO2 emission sources-sites pairs with early opportunities. 
1.1. CO2 emission sources and storage sites  
There is a total estimated theoretical CO2 geological storage capacity of 3088 billion ton in China’s onshore and 
offshore basins, including a storage capacity in deep saline formations accounting for 99% of total geological 
storage capacity (shown in Table 1). China also has an annual emission about 3.9 billion ton of CO2 from large point 
sources in 2007. There are about 0.12 gigatons of high purity CO2 mainly emitting from ammonia factory with high 
CO2 concentration.  
Table 1. Total Estimated CO2 Geological Storage Capacity[2] 
 Estimated capacity (MtCO2) 
Estimated capacity in 
oilfields by proved 
OOIP(MtCO2) 
Estimated capacity in 
gas fields by proved 
OGIP(MtCO2) 
Estimated Capacity in 
Un-mineable coalbed 
(MtCO2) 
Onshore 2,380,000 4,600 4,280 12,000 
Total 3,088,000 4,800 5,180 12,000 
By performing some proximity analysis with the GIS software, Table 2 lists the results of the proximity analysis 
for China, by the percentage of sources that have at least one candidate CO2 storage formation within each of the 
specified distances. This implies that CO2 emission source and potential storage site have good source-site matching 
relationship in China, and if there is sufficient capacity for the potential demand for CO2 storage, typical transport 
distances and infrastructure are likely to be relatively modest [2]. Those high purity emission sources have good 
matching results (Shown in Table 2 and Fig1 a). 
Table 2.  Proximity Analysis Results (Number of Large CO2 Point Sources within Specified Distance to Candidate Storage Reservoirs)[4] 
Total Sources All CO2  
resource(1,623) 
 High pure  
CO2 only(184) 
All CO2  
resource(1,623) 
High pure  
CO2 only (184) 
 All Reservoir Types Oil/Gas Field Reservoir Only 
0 miles to Storage Reservoir 54% 45% - - 
Within 50 miles 83% 75% 39% 46% 
Within 100 miles 91% 92% 65% 62% 
Fig1.   Distribution of CO2 emission sources and high purity sources in China  a) High purity emission sources within deep saline aquifer; b) The 
relationship of high purity emission sources and oil & gas fields (80,160 km)) [4]  
a) b)
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Fig 2. Cost Curve for CO2 Transport and Storage in China[1] (this 
curve didn’t consider the character of emission sources) 
The preliminary cost curve analysis suggests that 
there are number of potential opportunities for low and 
even negative cost CO2 transport and storage in 
candidate value-added CO2 storage formations that may 
result in recovery of incremental oil production as a 
result of CO2 injection. The vast majority of storage 
potential is offered by the large and high capacity deep 
saline sedimentary formations at estimated transport 
and storage costs of less than $10/tCO2 (shown in 
Fig2). In view of initial proximity and cost analysis, 
CCS technologies can develop steadily from pilot 
phase with early opportunities to large scale phase with 
economical benefits, and can deliver deep, sustainable 
and cost-effective emissions reductions for China over 
the course of this century;  [1, 2]. 
1.2. Maturity of CCS technologies in China 
Geological sinks for CO2 do not really need any major technological development because the technology has 
already been developed and applied by the upstream energy industry for hydrocarbon exploration and production.  
There are more than 10 years of experience with CO2-EOR in China. The gap between the world and China isn’t 
very large. 
1.3. Main barriers in the large-scale deployment of CCS in China 
Currently there are very few operations in the world where CO2 is injected and stored in the geological formation, 
mostly as a by-product of an operation driven by other considerations rather than climate change, such as oil/gas 
production or regulatory operation regarding natural gas geological storage. These operations show that there are no 
major technological barriers to CO2 geological storage, and that challenges and barriers lie elsewhere. There are 
many barriers to large-scale deployment of CCS technologies, such as the competition of CCS comparing to other 
mitigation options, high cost of CO2 capture, long term safety of CO2 stored, the timing of availability, long liability 
of CO2 stored, policy, legislation and regulatory framework, low recovery rate of natural resources underground, the 
property and usufruct of natural resource, financial problem, public conception, and so on.  A major challenge in the 
large-scale deployment of CO2 geological storage is the high cost of CO2 capture, particularly for dilute streams like 
those from power plants and industrial combustion processes. The resolution of these challenges will affect the 
economics and financial risk of CO2 geological storage and will accelerate or delay the deployment of this 
technology for reducing anthropogenic CO2 emissions into the atmosphere [3].  
1.4. how to achieve deployment at scale for China 
Primary research results show that CCS technologies can develop steadily from demo-scale projects with early 
opportunities to large-scale phase with benefits. However, how to achieve the goal of wide-spread deployment of 
CCS is really challenge.  The minimum requirement for this goal should satisfy the follows: 
[1] Accelerate R&D activities and provide solution to the major barriers to CCS deployment; 
[2] Accelerate and spread demo-scale and “scaling up” CCS projects, which will show the technical and 
economical feasibility of CCS technology and provide solution to barriers to large scale deployment; 
[3] Establish incentives to accelerate and spread the commercial-scale CCS deployment by the unity of enterprises 
under a market-oriented framework.  
The most probable way to accelerate large-scale deployment of CCS technologies is that more demo-scale and 
large-scale CCS projects showing the technical and economical feasibility of CCS technology. The CCS 
deployments will consider firstly those source-site pairs with early opportunities. 
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2. Early opportunities of CCS deployment 
2.1. Definition of  CCS projects with early opportunities 
The potential project with early opportunities should be satisfied at least one condition as follows: 1) low cost or 
additional revenue from CO2 injection; 2) demonstration effect on future trend of large-scale CO2 mitigation strategy; 
3) feasible and applicable at present (technically and economically feasible, the timing of CCS deployment is good); 
4) the willing and timing of deployment enterprises (CO2 mitigation, R&D of technologies, reputation and so on). 
2.2. potential  CCS projects with early opportunities 
Considering the characters of emission sources and cost curve above, the low cost source-sink pairs (projects) can 
be pairs dominated by high purity CO2 source or pairs dominated by good storage sites, or pairs dominated by both 
sides, such as, high purity CO2 emission source + any storage site, CO2 emission sources + EOR/EGR projects, or 
high purity CO2 sources + EOR/EGR projects.   
For the low permeability, low storage intensity, and unclear definition of un-minable coal reservoirs in China, 
CO2-ECBM is not considered in the list of early opportunities. CO2 storage in oil & gas reservoirs in conjunction 
with EOR/EGR is likely to be implemented where such opportunities exist and where the cost of CO2 storage can be 
reduced by producing additional hydrocarbon product (Shown in Fig1 b and Table 2). However, many of these 
“value-added” projects may not be ready for CO2 injection immediately and the timing of reservoir availability 
along with more specific reservoir conditions. This option has limited capacity and geographic distribution. The 
sources and supply of CO2 will likely exceed the usage rates and capacity in EOR/EGR operations, leading to the 
need of accessing depleted hydrocarbon fields and deep saline aquifers concurrently[3]  
There are many other combinations, which have additional revenue from wastes mitigation or lower capture cost, 
especially when impure CO2 stream (containing impurities, such as, NOx, SOx, H2S, N2, O2 et al) combines with 
CO2-EOR/EGR. 
Cost is the most important factor for large-scale CCS deployment. In the cost aspect, the source-sink pairs with 
early opportunities are shown in Fig 3. Low CO2 capture cost, income from additional hydrocarbon recovery and 
wastes mitigation give those combinations promising opportunities.   
 
 
Fig 3.  Combinations of Source-Sink Pairs With early Opportunities 
The power generation sector will become the main area in China to utilize CCS in the future. Due to the high 
dependence on coal, not only will China be interested in clean coal-fired power generation, to capture CO2 emissions 
in the whole coal processing chain will also better serve the interests of China. With the development of energy 
structure and industry chain in China, numerous coal chemistry engineering factories and new type power plants 
integrated with CO2 capture will appear in the near future. Coal gasification or polygeneration in combination with 
CCS could be a nearly unbeatable combination for China's low-carbon future[5]. This will offer good opportunities 
for large-scale CCS deployment. To integrate CCS with coal chemical engineering is potentially a unique aspect in 
China’s CCS development in the near future. Meanwhile, a lot of new emission sources will build nearby the good 
storage sites, or called storage ready projects, which will offer good opportunities for CCS deployment. 
High-purity sources 
Medium-purity emission 
Low-concentration emission 
sources   
Depleted oil & gas 
fields 
Aquifer storage 
Other wastes 
geological storage, 
such as NOx, SOx, 
H2S, N2, O2 et al. 
Wastes mitigation as co-
storage 
Low capture cost, emission 
sources dominated type 
Value-added production 
or good geological ᧻
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On the cost and demo effect aspect, the combination of source-sink pairs with early opportunities can be follows: 
ammonia/hydrogen/ethylene oxide + CO2-EOR/EGR/aquifer, IGCC + CO2-EOR/EGR/aquifer, Coal chemistry 
factories + CO2- EOR/EGR/aquifer, coal gasification + EOR/EGR/aquifer, Coal to Liquid (CTL) projects+ 
EOR/EGR/aquifer, et al.   
 
 
Ethylene Oxide;  Hydrogen;  Ammonia;  Coal liquefication and gasification factory (in plan and operation) 
ჀOil fields; Ⴠ Gas fields; ႑Aquifer; 
Fig 4. The Map of High Purity Emission Source and Storage Sites (aquifer + oil/gas fields) with Low Cost 
Those projects with early opportunities are chosen in the cost and demo aspect. However, the willing and timing 
of enterprise is very important for early opportunities. The candidate projects in China are a little different from 
those source sink pairs shown above. 
 
3. Qualification analysis of several candidate projects 
CCS technologies include CO2 capture, transportation and geological storage component. The risk of capture and 
transportation facility is manageable, for their technical maturity of monitoring and risk management. The whole 
risk comes from geological storage part. One critical gap that must be addressed before the commencement of large 
scale deployment of CCS is the development of acknowledged procedures for the selection, characterization of CO2 
storage sites and projects [6, 7]. Choosing the mitigation schemes and the storage sites is a good way to manage the 
uncertainties and minimize the risks associated with CO2 storage. Considering the most important factors of 
deployment of CCS project and the data available, the characters of CCS projects include economic, capacity, 
injectivity, safety, and so on.  
However, those enterprises interested in CCS technologies don’t have the most proper source-sink pair in China 
to deploy CCS projects, for other constrains beyond CCS projects, such as the position of emission sources, coal 
resource, water resource, energy supply, et al.  Those source-sink pairs planning to deploy don’t have the lowest cost 
or the best matching results. The following projects are the projects designed or planed to deploy in the near future, 
such as, Shenhua CCS projects, Jiangyou depleted gas field, CPI/Total CCS project, Lianyungang IGCC project. 
The detailed information is shown in Table 3. 
Table 3. Basic Characters of Potential CCS Projects at Demo-Scale (Based on CCS-GIS Database in IRSM and Published Data)[8-10] 
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Objective 
 
Criteria 
Shenhua aquifer 
storage in Ordos 
basin 
Lianyungang IGCC 
+ polygeneration 
+Jiangsu basin 
Jiangyou gas field 
CO2-EGR+ H2S 
mitigation 
CPI/Total MTO 
+CCS project 
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Major investor 
Shenhua Group 
China’s largest coal 
producer 
Chinese Academy of 
Sciences Sinopec 
CPI/Total MTO 
factory 
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e Plan or 
building 
 Plan to inject CO2 at 
end of 2010 Plan  Plan 
feasibility study and 
Planning   
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The type of 
early 
opportunity 
High purity emission 
sources, demo of coal 
to liquid + aquifer 
storage; 
Demo of IGCC & 
coproduction + 
aquifer storage; 
demo effect+ 
pipeline (future); 
Demo of co-
storage of H2S and 
CO2 in depleted 
gas fields;  
Demo of MTO+ 
CO2 storage; 
The aim  of 
enterprise 
The first CCS project 
in China 
Demo of clean coal 
technology  
Waste mitigation 
and EGR 
Demo of clean coal 
technology 
 P
ro
je
ct
 
sc
al
e 
  
Injection scale 
0.1Mt/a for at least 2 
years, 0.3~1Mt/a in 
the future 
0.1~1Mt/a for 30 
years in the future 
0.1Mt/a for at least 
2 years 
0.1 Mt/a for at least 
2 years, 4 ~6Mt/a in 
the future 
Ec
on
om
ic
 a
sp
ec
ts
 
Source type 
and capture 
cost 
High purity emission 
source, 83% 
concentration  
High or medium 
purity CO2 
CO2 containing 
H2S 
High purity CO2  
Source-sink 
distance <50km <100km <50km <200km 
Accessibility 
of site storage 
The geological 
formation with 
ownership 
The geological 
formation will 
belong to IGCC 
owner  
Depleted gas field Deep saline aquifer 
Surface and 
underground 
infrastructures 
to build 
No infrastructure 
exists 
No infrastructure 
exists 
Injection 
infrastructure 
exists 
No infrastructure 
exists 
Land used 
underground 
The surface land 
belongs to Shenhua 
group 
Arrange land in the 
future 
The surface land 
belongs to Sinopec 
Arrange land in the 
future 
Well drilling 
Single injection well 
and two monitoring 
well 
Single injection well 
and monitoring well old injection wells 
Several injection 
wells  
Value-added 
resource 
No value-added 
resource 
No value-added 
resource 
Enhanced natural 
gas recovery 
No value-added 
resource 
Additional 
mitigation No No H2S No 
S
to
ra
g
e 
o
p
ti
m
iz
a
ti
o
n
 
St
or
ag
e 
ca
pa
ci
ty
 
Sedimentary 
basin 
Ordos Basin, Inner 
Mongolia 
Subei Basin, Jiangsu 
province 
Sichuan Basin, 
Sichuan province 
Ordos Basin, Inner 
Mongolia 
(total, 
effective) 
porosity 
High (10~15%) High (15~25%) 
Low (1~5%) 
fractured dolomite 
formation 
High (15~25%) 
(total, net) 
thickness Thick (100~300m) Thick (100~300m) thin (10~50m) Thick (100~300m) 
Storage 
capacity Huge(>20 years ) Huge(>20 years ) 
Enough (>20 years 
) High (>20 years ) 
c t i v permeability Low permeability High permeability Low permeability Low permeability 
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(1~50mD) (10~500mD) (0.x~10mD) (1~50mD) 
porosity Low or normal (10~15%) High (15~25%) Low (1~5%) High (15~25%) 
Pressure and 
temperature 
conditions 
Low or normal 
pressure system; 
normal temperature 
gradient(300C/km) 
Low or normal 
pressure system; 
normal temperature 
gradient 
Low pressure and 
temperature  for 
long natural gas 
production 
Low or normal 
pressure system; 
normal temperature 
gradient(300C/km) 
Effective 
Injection 
thickness 
Thick (100~300m) Medium (100~200m) Thin (10~50m) 
Medium 
(100~200m) 
Reservoir 
failure 
(pressure 
build-up) 
Medium risk 
(fractured and 
layered caprock) 
Medium risk (active 
faults nearby and 
fractured caprock) 
Low risk 
( pressure 
recovery) 
Medium risk (active 
faults nearby and 
fractured caprock) 
entry pressure 
(pressure 
build-up) 
Normal (mudstone) Normal (mudstone) Normal (mudstone) Normal (mudstone) 
R
is
k
s 
  
m
in
im
iz
a
ti
o
n
 
 
St
or
ag
e 
co
nf
in
em
en
t 
 
Thickness of 
single 
sandstone  
layer 
Thin (sandy 
mudstone, mutual-
layered sandstone 
and mudstone, thin  
sandstone, based on 
deduce results) 
Thin (sandy 
mudstone, mutual 
layered sandstone 
and mudstone, thin 
sandstone, based on 
deduce results) 
Medium 
( fractured 
dolomite 
formation) 
Thin (sandy 
mudstone, mutual-
layered sandstone 
and mudstone, thin 
sandstone) 
Lateral 
continuity/ 
Integration of 
Caprock 
Not good (The 
caprock is with 
fluvial facies and 
alluvial facies, the 
continuity   is not 
good enough) 
Not good (The 
caprock is with 
fluvial facies and 
alluvial facies, the 
continuity is not 
good enough) 
Good (natural gas 
reservoir) 
Not good (The 
caprock is with 
fluvial facies and 
alluvial facies, the 
continuity is not 
good enough) 
Entry pressure 
(pressure 
build-up)   
Normal(deduced by 
sedimentology and 
rock formation 
history) 
Normal(deduced by 
sedimentology and 
rock formation 
history) 
Good (natural gas 
reservoir) Normal  
Secondary 
containment 
system 
overburden 
Mutual-layered 
caprock; several 
buffering formations 
Mutual-layered 
caprock; several 
buffering formations 
Very deep 
overburden, 
several buffering 
formations 
Mutual-layered 
caprock, several 
buffering formations 
Le
ak
ag
e 
pa
th
w
ay
s 
Abandoned 
wells 
Probably (special 
investigation is 
necessary) 
Probably (special 
investigation is 
necessary) 
Perhaps (old wells 
are acknowledged) 
Probably (special 
investigation is 
necessary) 
(conductive) 
faults 
Avoiding the faults 
nearby 
Avoiding the faults 
nearby 
Avoiding the 
faults nearby 
Avoiding the faults 
nearby 
Exutories/migr
ation pathways 
Might migrate 
through  fractured 
caprock caused by 
high pressure 
injection 
Might migrate 
through faults and 
fractured caprock 
caused by high 
pressure injection 
Might migrate 
through  old wells   
Might migrate 
through   fractured 
caprock caused by 
high pressure 
injection 
Existing 
exploitation of 
target storage 
area 
Strong influence of 
the coal mining 
activities nearby  
No exploitation Natural gas recovery No exploitation 
So
ci
al
  
as
pe
ct
s Population 
acceptance 
“Not in my 
backyard” is the 
principle of public  
“Not in my 
backyard” is the 
principle of public   
“Not in my 
backyard” is the 
principle of public   
“Not in my 
backyard” is the 
principle of public   
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4. Conclusion 
The primary analysis suggests that there are many early opportunities for CCS deployment, such as the promising 
high purity CO2 sources dominated CCS projects and good storage sites dominated CCS projects. Those projects 
with early opportunities are decided by the definition of early opportunities. However, the timing and decision of 
enterprise is very important for early deployment. So the candidate projects are a little different from those source 
sink pairs decided by the definition of early opportunities. Several sources-sink pairs in China are analyzed in 
details, such as, the pairs of high concentration of CO2 emission sources and depleted oil/gas fields, co-storage of 
waste gas stream and depleted gas fields, IGCC and aquifer, high concentration gas stream storage and aquifer. The 
demo-effect, the decision of enterprises, short sources-sinks distance; value-added hydrocarbon recovery, high 
purity CO2, and additional waste mitigation make these pairs as promising near-term CCS candidates. These early 
opportunities will provide China the chance to develop and spread CCS technologies steadily from early stage to 
commercial stage. 
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